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(54) SEMICONDUCTOR MEMORY DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
memory device in which increase in a leak current of a 
thin film capacitor using a high dielectric constant film is 
restricted and a threshold voltage of a transistor is 
controlled to a desirable value, and its manufacturing 
method. 

SOLUTION: In this semiconductor memory device, 
transistors and thin film capacitors in which any or all of 
capacitor insulation films are composed of a high 
dielectric constant film or a ferroelectric film 108 are 
integrated on a semiconductor substrate 101 f and an 
interface between the semiconductor substrate and a 
gate insulation film 104 of the transistors contains heavy 
hydrogen at a greater ratio than that of the heavy 
hydrogen existing in the natural world to hydrogen. 101 
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mm^m-^x. wim¥mftm&Lbwii£.h7>i?xfi<oy 

- H6«Bli:©|Wiilcg«{|Hc#«Ei-i*7k*i**© 

fc5Wi<£g|5^, ^5£* 5 AB03T*i£$;ft^*tefxAi L 
TBa, Sr. Pb, Ca, La, Li, K<D 5 *>4»i < tfcl«£Ui 
<£>7cig, BtLT Zr, Ti, Ta, Nb, Mg, Mn, Fe, Zn, W 

tt, ^5t^(Bi202)(A B ,-iBm(03)m + l)(in=l ) 2,3,4 > 5)T* 20 
^£*V&;*V£*LAi LTBa, Sr, Pb, Ca, K, Bi<D5V> 
fr< ikl«J&Lh©5£3i, BtLT, Nb, Ta, Ti, WCD'> 
ft< iM««±<E>7G*&-§-trfc<D, Ta 2 0 5 ^ 

[W**4] JNM**«±©Bfa0>tfc«l::, 
Sr**lfe«WRO-«i5*>*V^M:^«IJi:-t-5»ffll* + ^->^ 

t»**6] ¥*ff««±©9fa©tt«K. h7^ 

£S^lftlC#gfH-5XSi, ^b7>i^*tK»J«* 50 
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[8**5 71 *8M*:*«±03fa©ffi«»c, 
**&^-f-5Xgi» fU^m*)^feSVMi^«^ 

^flM-fSxat. bWtm* 

ir^'>^Sr«*«l^»«ti-5XaSr#tfiffe3|[flc|E*ig« 

asrJtLfca, ^*#iaMTT-^fea^^i-xa?r$tf 

* s**fe^Kro -« *> 5 v ^tt^au t -r s -y * 
srm^wic^si-rsxai, Rh7>-^^i:R»^ 

#^^©#H*Tt?»»as:is-t-xas:^tf r. b 
bi-z*m#&&m&<ommi>m. 

£^/&1-5Xat, gh7 v-^^ irHESJR*-*^* 
^m^^Jlc^BI-t-^xai:, Rh7VS***i:R*ll* 

[0 0 0 1] 
[0 0 0 2] 

[^*<og^] «i0^tv^7y^7^t^ 

p< * |j (Dynamic Random Access Memories (DRAM))(Cf*£ 
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5 0 -t r T-^£T-300jS V ^g«* ?r*-T 5SrTi03^ $ 
&K*£fcR***#-r$(Ba.Sr)Ti03fctt*£*t*iSS 
fi«4Mt:MlftftltfcLTJSV\ TgCmffiiLT->y 

t {&mW,mW£<kVlJS&Ml$. L&V "Pt/Ta-^Rutte/TiN i* 

V^4(6A?r*mi-5*j£^» #|;LM;19945W x 

>^¥-^ 'J*.?- Y (1994 International Electron Devices 
Meeting Technical Digest )831~834Mt^*^ ttTV^ 
*. Sfc(Ba,Sr)Ti03Oftt»9»iaaTii»«ttSr#i- 
SrVZr Ji)Q3*£©»R*#gt&fflV\h,li. ^ffiUtt 
»f^* J ■=& y (Ferroelectric RAM)Sr^i"5 ~ 

t ro^-Efc^fi-f-s y =• ^(o^^^mm 
mmnm^UMx # , -y- u ^ 3- ^ k y — ^ n 

*5 e> , (Ba , sr )im\cfm £ tiz mmmmm-^PbUr , n > 

fc^S tV^F^JS/J^ft-rS,, 0IJ*.if, Tung-Sheng C 
henflb,(01994^'1' ^-fv'atMU^ h- n yf'^ 30 

>>f7->7 =--)3>V?y( K1996 Intern 

ational Electron Devices Meeting Technical Digest) 
679-682HICf5«£*VTV^J;pl;^ tK* + , 400'C, 3 
O^-cDj&fetSSrff 5 ' tl^ioTBSTdrY^->^roy — ? 
m»**+lV^*SVNT2<fiJX±fciiJD-t-S - t ffitiiZtlX^ 
5. $fe^RI9lfflXIR^»4**«! ! 31«^**«T', 550 

°c imm^mm^m^n^xh^mmm^n om<r> 

to o 0 3] 

ft k Ufc**#H«tf rottttajc J: of 
Wi^SffcjRwy — ^mSff^if^U ^w^m, ^ 

[0 0 0 4] #fgBJ!tt:, ±*Lfc*f*te**T*<S*t<fc 



K *mm<omzom l 4 . mm * + > 9 <o y - * 

[0 0 0 5J 

¥##SEt&£B«:, ^#g*g_hK, hTV^^t, 

lan^eic^T, mm^m#immkntimby>^^9 
coy- hmms&k<D%-m£&mmz&&-j-zm7i<.& kin 
m<Ditmx <o iijzzttitmx'mfcm&tt-t'zzk&Vf 

'**s*&mmtzniz*mwaimimzte\< -x. wie# 

t>W03X-mZH%:tl*:tl\k LTBa. Sr, Pb, Ca. La, L 
i. K0 9*>'>)i< kiiimiH-k* Kk L-T Zr, Ti, Ta, 
Nb, Mg, Mn, Fe, Zn, W©5*>^^< t -bl^JWi^r^tf 

tO. &5V^ii, fl^iWKBi202)(A B -lBm(03)n + l)(m = 

l,2,3,4,5)t?*$n-5-tV^nAi LTBa, Sr, Pb, Ca, 
K. Bi(D5 *>'>/<e< ttl«W±, BtLT, Nb, Ta, T 
i, V<D>pt£< k i}im&.±&*atfh<0, $>?,V^I4, Ta205 
frbteZZ k*W&Lk-fZ>. Sft*9U C:aett<B¥##tB 

^tsisc, m h ? > i? * * kmmm* 

Srlfti-XSSr^tfr i:Sr#*i:i-5. fl**5lcE«0 
*##:Eift^SJa, ¥»#*tE±©9faofit«(c, h7 

#«tS:5S*l6«M©— «*> 5 WZ±& k -t%mm* 

^*zm.umz.ftM-rzj:i&k. &.b7>i?*d> k&m 

^■WLJ5cVN#H^|i*5^TfR*a3aSr^-rxS*-g-tfi t 

$r#mti-s 0 n*£6icffett0^«ttteiftgatt. ^ 
at. mmmmmh^^t^mmwm^A^mm<7>- 
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«&*V*tt^fc+*»BI**'<5'**:«J*1-<5X« 

-rsxat. mh7><jx* t&mm* %m%. 

VMt^ftfci-afcfflt^ + ^S^&JBfiM-SXSi:, Kb 
7i"^^^ t8»I*t^?«rta6lli:»llt5Ii 

#|**-5xei: N ^Yy^s^thmm^t'^s** 
am*fcf4*Ste#*£fc(4*;h,fcoig^;tf:*ro 

^4r»J»»*lr^^S:«ft«l^li-f-5XSi:. I* l- 

o*HftTt»J»»3aSr*i-XS*r*tfi £ Sr#«i:i- 
[0 0 0 6] 

THB«:#BllLTl*«ilKiaWt-5. Bltt, 

<OiSrffiiaT*;ii>5. lOlfif!) 102(4bi!t£-&A 
Lfciyy 3-/^^5 h 7 y-*«5fc KW 
103(2 fc i!i£&A Lfc* y ->y h7 

?©y-h IftMR, 105(4 D v 4r K- f v ^ Lfctf D V 

f>^5«ra*6iR]K. 107f4Ru/TiN/TiSixJKa> ricS TSB 
mfflSI, 108tt»R«*(Ba,Sr)TiQ3K*» 50 
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K, 109W:Ru*»e>)*5Ji«IJ«Sil^fc5 o «*«>Wi8t? 
(4, y-M(6»JKl04i^y =>S«101i:©|?.ffio^'J 

S^tHBR^ i it i ^#iw#fti-5»iJ^-T?fo 50. 015% LA" 

i-J: 5 lw?M|**(Ba,Sr)Ti03lI© y -^#tt(4IK . 

*?8W©^^iEte^eiC*3^TI4, M6ftBtl04 
t 'y y =t >S«101 1 (D#fficD-> y =i >/I^<D**S-g-^ 

i«^m*(Ba,Sr)Ti03M(O !> — ^WttfeAWt?. 

[0 00 7] n 3 te*&w(Dm 2 (Dmmommcom^ 

UiB^i-5fc*0^#(*:tBlt^«ro»rffi^T'fc5„ 10114 
•/DaySS, 10214 t^SrffiALfc^y 3>d>£>dc3 
h7>^?©y- *Sl5i: KU"T>gfl« 103(4 K^^ra 
Aufc*!) v-y 3>^P>^-5 h7>^?©y- MB, 
104(4Si02^7j^fiK-5 h 7 V*s7*9<r>V— 106 
(4EEtCSi02JK^^^5gffflitei8^, 107(4Ir/Ir02J»:&»<b 
fifcS TSBSfflK, 108ttaSR*#:Pb(Zr ,Ti )03«*» ?>J«<5 
SgiJ&igdK, 109(4Ir/Ir02lgS*^j££±&Sffil£, 110 
»4£KSi02lBSA»e>/*5£ 2 (0@|S*feg:a. lll(4Al/TiN/ 

*feii:Kl04 V&jglOl t <7?#Bco y = Vlf^-CD 

(4S^#(r#ft-rSfiJ^-T?feS0. 015%Lfl>-g-*$*LT^ 
* V \ ftflSiit? (4 h 7 V V** * OBSffi«E(40f 

m#Pb(zr,Ti)o 3 jgi<£>t*:f y ->^#^ S ^U. 

iy!)3 v^ioi t ©#i©>> y a ys?o*e^f 
Ktt±fc***»^!*s*S£-bT*i»K H!4(c^-rJ: 5 (- 

[0 0 0 8] H5tt*»WO»3«5HafiO?B»*rKW-f 
^wBMt«BE«r^a»i1W«ii-5fcftJc*^~Bl«*X 

aoawfC7ki!i^«iaxa4:JfeLTv^5 0 rotfeh? 

y - ^ #tt(47K3R(w 4 5 JlTcf^ffl l^^H Lfc)feftttro{S 

e©Mit^&(4^j(5oswo7k5g^in ! asra7jcm#ia« 
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6oo°c, i^ms*«>Ei««naaxa«rifAu. u 
a^&ic^HR^xa-^TL-o^. ri-c-fiTK 

y- h &Sf:II i: £>#ffitc#£-t-5 y 3 

v-;? ir@ffflOSHt«JESrWf-5 h 5 ^v 5 * 9 t SrIBI— X 

5. ft. EJB*ittSXS$:B*fc3v*tt^fiH4:tf;**£ 
tr#H*«K «*.wrB**6 pot. lB^fti'T'fT? 20 
rtfciot, ¥*#E««B©&BElMBtf>iMt;*:*ii 

SOT-, H*+tH«y-^#ttSr5kat»#5. 
[0 0 0 9] 1 6 WM<Of 4 <O^I©«5:l»it 

•s fzv><D*m#s&&mm<oRm#3ti:9ii&y « * * ©is 
sroawfr^TK^fiiaaxasrjfeLTv^,, rowF? 

5 kK^OiacO&I^Jx.ii&iff*, 600°C, IBS 

3 t owmizfttti-z -> y 3 *° 

mx-l&MVKtft,, IiSMotxr^^#(!fe«rI 

&ffiX'i*®&&&min'ixi>&mn#m<otx7-}) 

Xg-ero<t,ro|c:ioT->y 3><D*«g3-#l;:i|t-g-LTV* 

ffi&EEtfmm<om*b-rixx o-cv^fc. #3sen<£>$! 
9%mm<Dmmnmzii-t%h7^i??.f>bzm-mm 5° 
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±fc*HMb Lfc¥##iEt§£SBS:^»-r 5 £ t 

5. «. 0«3»»axaSra[**>5v>«t^Stt*'^Sr* 

tf£H« , K 6 o o °c, i i$m& £'-c**t 5 

[0010] zzx'±$znit>>bm4<omm<otem<n&i 

WIC*5V>T«, K^m*Ki LT(Ba,Sr)Ti03<D#J£, 
3K««*ffllt LTPb(Zr,Ti)03» ©WtrJt'tfc**, 
9!J4, •fb^AB0 3 T'«$n > -tft-t'tUi: LTBa, Sr, P 
b, Ca. La, Li, K<D 5 < fcfcl«£JLb, BtLT 

Zr, Ti, Ta, Nb, Mg, Mn, Fe, Zn, I©5VM< t hi 
«Rfc«r*tffc©, 0Ux.l4\ SrTiOs. PbTiOs, (Pb.La) 
(Zr,Ti)03, Pb(Mg,Nb)03, Pb(Mg,W)03, Pb(Zn,Nb)03, L 
iTa03, LiNb03, KTa03, KNb03# £*, S>5 W4{b^5t(Bi 
202)(A,-iB B 03ffl+l)(n=l,2,3,4 > 5)-C*$^ ZtUftlK 
t L-TBa, Sr, Pb, Ca. K, Bi©5*>4>£< fcfclBEA 
±, BtLT. Nb, Ta, Ti, JKO'P* < h t lS«±Sr^ 
tffcCD, f!lx.i±*, Bi4Ti30i2, SrBi2Ta209, SrBi2Nb 
2O9. 5 W4-?-;ft£W<Dte^a;<DTa205# if SrfflV^T t> 

[0 0 11] 4fc±l2iBl*»e>JB4«361toJKjBSOKM 

14*, Ru. Re, Os, Ir, Rh, WO^M, fc5VM4^rtt? 3 ro 
m&L±<D#n^ Sfcl4Pt, Pd, Rh<D + ^5>S(4'tt/i:'> 

<t< tt>i««±©*m*fflv^'b*rs»T?*)5. 

t,Rul4^B(-«»iDX-e^ Ir-^Ir02i4&^mft: 
[0 0 12] 

5„ 

[0 0 13] *36WJCt5¥*ft:Ett§6B<0«iro»* 
14, h5>v?^^©BB«ffiSr3fa«>«liB«rL,*«s 

->y ^yc^fM^siaoT^iB^nt^t. 

IR*a«xa355+7>^i56$^TV>^fcftT*$)5. 
[0 0 14] *2©»*li h7>^**©W«BEE&Bf 

aotfcfi^Lft^fe, ai»B#flt*fflv^fc»B!*-*'^ 
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[0 0 15] ft3 0tt*ttittfftt*K^f!ttfm*& 
y ^^#t4SrA»^fcC5^fiF-C*#5fR*Q.axe^+^ 

mil **w©«i©i«(fi©jg«*Biw-f«fc«>© 

[02] «*©fi||f4:**WOSgl»3«6©JgttlcJ: 



10 
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* [14] «*©tt«i:**M©jB2©5li6©»tR^± 

[0 5] *&w<om3(omm<DBi&$:wimi- : btc)!b<D 
[0 6] *&w<Dm4<Dmm<z>i&m$:mw-r : £>izi>><o 

[??#©i$i9l] 

101 ->!la 

102 y-xifciiKn'yfJS 

103 y- h 

104 y-hiteSJR 

105 «*=>^^ h 

106 *mi6«IR 

107 T&mif 

108 S5^*^*fc«5£^«^ (^**6igtJK) 

109 iscmn 

110 ^2<OSIBJ«6»M 

in mrnmrn 
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